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REMARKS 

Amendments to the Claims: 

Applicants respectfully request that the following amendments be entered. 

Ciaiiti 1 has been amended to incorporate the limitation of original claim 10 into new claim 1, 
with some modifications. New claim 1 now provides in step (d) that the fiicl cell is heated to an 
inlermediate temperature between the initial temperature and the desired temperature while the 
fuel cell is operated in an open circuit state. New step (c) of claim 1 provides that the fiicl cell is 
then operated at a closed circuit state (an external circuit is connected to the fiicl cell) before the 
intermediate temperature equals the desired temperature. Thus, in the method of new claim 1, the 
fuel cell is heated to a temperature below tlie desired temperature by operating it in a closed state, 
and the remaining heating up to the desired temperature is done while in the closed circuit state. 
The advantage of this is that the heating of the fuel cell is accelerated when it is switched to a 
closed circuit state (see paragraph 33 of the disclosure). 

Support for this amendment to new claim 1 may be found in paragraphs 27 and 33 of the 
disclosure. 

New claims 10 and 20 have each been amended to specify that tlic initial temperature is below the 
freezing point of water and the intermediate temperature is above the freezing point of water, 
Supporl for these amendments may also be found in paragraphs 27 and 33 of the disclosure. 

Claim Rejections - 35 USC 102(a): 

In the OfiELce Action, the Examiner has rejected pending claims 1-20 as being "clearly 
anticipated" by WO 01/52339. Attached to this response is a machine translation of WO 
01/52339 since the original is in Gennan. Applicants submit that new claim 1 is now not clearly 
anticipated by WO 01/52339. 

WO 01/52339 does not mention in explicit terms that the fuel cell is heated by operating it in an 
open circuit state. At most, WQ 01/52339 only says that temperature monitoring is done *Vith a 
switched-ofT fuel cell system'' (page 5, middle paragraph of the translation). There is no other 
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mention or suggestion in WO 01/52339 that the fuel cell operates in an open circuit state while it 
is heating up- 

Moreover, WO 01/52339 clearly does not teach or suggest steps (d) and (e) in the method ofnew 
claim 1. If in fact WO 01/52339 does disclose operation of the fiiel cell in an open state 
(although this is debatable), it clearly fails to teach heating Ihe fuel cell to an intermediate 
temperature below the desired temperature and then operating the fiiel cell in a closed circuit state 
until the desired temperature is reached. The advantage to this series of steps is that the heating 
of the fuel cell is accelerated (see paragraph 33 of tlic disclosure). Therefore, steps (d) and (e) iu 
new claim 1 now distmguish the invention claimed from the method disclosed in WO 01/52339. 

Claim Rejections - 35 use 102(a): 

In tlie Office Action, the Examiner has also rejected pending claims 1-20 as being anticipated by 
Colbow. The Examiner noted that paragraph 53 of Colbow teaches that the fuel cell can be 
heated while operating in an open circuit state. 

Colbow does not, however, teach or suggest the method of new claim L In particular, Colbow 
fails to disclose heating die fiicl cell to an mtermcdiatc temperature below the desired temperature 
and then operating the fuel cell in a closed circuit state until the desired temperature is reached. 
Colbow is therefore similar to WO 01/52339 in this respect, that is, neither of the two references 
suggest these additional steps and the advantage that the heating of the fuel cell is accelerated. 
Tlierefore, steps (d) and (e) in new claim 1 now also distinguish the invention claimed from the 
method disclosed in Colbow. 

For all these reasons. Applicants respectfully submit that new claim 1 as amended, and dependent 
claims 2-20 distinguish over the teachings of WO 01 /52339 and Colbow, 
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A Petition for an Extension of Time requesting an extension oFone month for filing the subject 
response is enclosed. The Commissioner is authorized to charge any deficiency or credit any 
overpayment in the fees for same to our Deposit Account No. 500663. A signed copy of this page 
is enclosed if required for this purpose. 

In view of the foregoing, allowance of tlie above-referenced application is respectfully 
requested. 




DmO BTCL/IRIZIO 
Attorney fdp<Applicant 
Registration No. 37,572 
Telephone: 416-971-7202 
facsimile: 416-971-6638 



Dated: March 5, 2004. 
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(54) Title: Liquid-fuel cell system 
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The invention concerns a fuel cell sy$teni and a technique for driving such a fiiel cell 
system with ihe features in accordance with the general terms of Patent Ciaini 1 and/or 6. 

For the daily-u$e service life capability of fuel cell systems, in particular with regard to 
application in vehicles, frost resistance and cold-wcather starting capabiHly arc essential 
criteria for the fuel cell systems because of the amounts of water involved, which is a 
problem. Also, for the so-called direct methanol fuel cell (DMFC) which, because of 
direct operation with a liquid fuel medium, very extensive system simplifications are 
needed, so that so far the cold-weather starting problems arc still unresolved. 

A measuring type of fuel cell system is well-known from DE 198 07 876 Al. Here, on 
the anode side a hquid raethanol/water mixture flows in the circuit. To monitor the 
perfonnance using a constant methanol concentration from a supply vessel, methanol is 
metered while flowing into the anode circuit. The metering amount is thereby determined 
with the help of a concentration sensor in tlie running anode circuit. As coolants, liquids 
or ionic and/or nonionic additives used with water> with good freeze protection 
characteristics, arc suggested. 

In particular for a DMPC, such suitable coolants are not known at present and probably 
will not be available in the foreseeable future. The technological background is as 
follows: 

The DMFC is usually processed at temperatures around approximately 1 00 C The 
appropriate methanol concentration is typically between 0,5 and 2 raol/1 and/or a weight 
percentage of 1.6 and 6.4. One cause is the methanol permeability of the available 
membranes. If methanol is used in higher concentrations, the residual methanol diffuses 
by way of the membrane to the cathode. The consequence is a drasricaily reduced 
efficiency. On the other hand> the cryoscopic constant of the water is L86 K kg/mol, 
wliich signifies the mol/kg of additive whose freezing point drops only 1.86 C. With 
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regard to colligadve characteristics, this value is independent of the type of additive. The 
freezing point of the ordinarily used water/metlianol mixtures thereby lies at 
approximately -1 to -4 C. 

Tn order to ensure, for example, freeze protection to -30 C, however, an additive in a 
concentration of over 16 mol/kg is required. Such an additive is currently not available. 
It is not expected that it will be available in the near future, because even a relatively 
small molecule with one assumed mol mass of 50 g/mol is required at a concentration of 
800 g/kg. A mixture of this composition is not available to be supplied to the anode in a 
stoichiometric amount with water. For the anode reaction, however, water and methanol 
in the stoichiometric relationship of 1 :1 is required. All salts, acids, and bases are not 
appHcable as freeze protection additives, because they lead to an increased electrical 
conductivity of the cooling water and thus inevitably lead to short-circuit currents in the 
appamtus. 

The function of the invention is to offer a fuel cell system driven by means of a liquid 
fuel medium/coolant mixture and a technique for driving such a fuel cell system with 
improved frost protection and cold-weather starting characteristics. 

The function is solved according to the invention by the clmractcristic features of the 
Patent Claim 1 and/or 6, 

By an increase in tlie fuel medium concentration in tlic anode circuit line at decreasing 
temperatures, the freezing point of the fuel medium/coolant mixture is increased, thus 
allowing freeze protection, whereby the efficiency in the normal operation of the system 
does not worsen at the same time. With these preventative measures, freeze protection to 
-35 C is possible. At the same time, the cold-start condition is improved by a faster 
temperature rise of the fuel cell, because the fuel medium is diffused due to the higher 
concentration increased by the membrane to tlie cathode, and oxidized immediately there 
after the start of the air supply catalytically under heat. Thus, the cold-weather starting 
procedure is substantially accelerated. 
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Components can be saved and thus the costs and required building space can be reduced 
by the use of a combined concentration and temperature sensor. 

The frost resistance can be ensured in a simple manner^ in which the higher fiiel-mediuni 
concentration provided in the anode circuit line is adjusted either by continuous 
adaptation of the theoretical concentration value to the decreasing temperature, or is 
acljusted by comparison of the determined temperature with one temperature threshold 
precipitously. 

The additional required fuel'inediura amount can, despite suflficient freeze protection, be 
reduced, so tiie efficiency ahogetlier can be improved by the application of several 
temperature thresholds. In this case, namely the system is not always changed over 
immediately when falling below a teniperatwe threshold value for maximum freeze 
protection, but the freeze protection is adapted to the actual temperature. 

By the activation of the temperature monitoring only with a switched-ofT fuel cell system, 
the [energy] expenditure is reduced. At the same time, however, there are no 
disadvantages, because the system is always sufficiently hot during operation and 
therefore no additional freeze protection is necessary. 

Other benefits and arrangements ate evident from the subclaims and the detailed 
description. The invention is described in more detail using a drawing, which simplifies 
the principle construction of the represented ftiel cell system. 

Overall, 1 indicates the fuel cell consisting of an anode chamber 2 and a cathode chamber 
3, which are separated from each other by a proton-conducting membrane 4. Over an 
anode circuit line 5, which connects the anode chamber outlet 6 with an anode chamber 
inlet 7 of the fuel cell 1, a liquid fuel medium/coolant mixtiu-e flows by the anode 
chamber 2. As the fuel medium here, suitable substances thai are elcctrochcmically 
oxidizable at room temperature can be used. The system described in the application 
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example is driven with liquid methanol as the fuel medium and witli water as a coolant. 
Although in the following only the use of a Tnelhanol/watcr mixture is described, the 
protected range of this patent registration is not to be restricted to this application 
example. Such a system driven with a hquid methanol/water mixture becomes is usually 
described as a direct methanol fuel cell (DMFC). 

Into cathode chamber 3 over a cathode inlet 8 an oxygen-containing gas is conducted* Tn 
accordance witti application example, ambient air is used, Tn the fuel cell 1 the fuel 
medium at the anode is oxidized, which is reduced by atmospheric oxygen at the cathode. 
For this, tlie proton-conducting membrane 4 is coated on the suitable surface arc with 
suitable catalysts, for example, higher surface area noblc-mctal or catalysts supports. 
From tlie anode side, protons can now move by the proton-conducting membrane 4 and 
interconnect to the cathode side with the oxygen ions to form water. With this electro- 
chemical reaction, a voltage results between the two electrodes. By parallel and/or 
tandem arrangement of many of such cells to fomi a so-called stack aTrangemenl, higher 
voltages and a strong cun-ent can be achieved. 

As the product, carbon dioxide gas enriched with water and methanol forms at the anode 
outlet. This liquid/gas mixture is passed over the anode circuit line 5 from the anode 
chamber 2. The remaining oxygen and water vapor containing exhaust air flow from the 
cathode over a cathode exit fuel line 9, A good efficiency can be obtained in the cathode 
chamber 3 preferably prepared with high-pressure ambient air. 

On the anode side, the methanol/water mixture is circulated with the help of a pump 1 0 
with a given pressure through the anode circuit line 5, The ratio of water to methanol in 
the anode circuit line 5 is adjusted witli the help of a sensor 1 1, which measures the 
methanol concentration in the anode circuit line 5. As a function of this sensor signal, 
then usually concentration control of the methanol/water mixture takes place, whereby 
liquid methanol from a methanol supply vessel 12 over a si^iply line 13 is tension force- 
driven and is not injected with the help of fuel injector 1 4 into the anode circuit line 5, 
The injection pressure is created by an injection pump 15 arranged in the supply line 13. 
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The methanol dosage takes place via a suitable triggering of the fuel injectorl4. For this, 
use is made of conlmller 1 7, which is regulated by measuring and/or control lines 
connected witii the pump 10, sensor 11, injection pump 15, fuel injector 14, and other 
components, if necessary. In tlie anode chamber 2, a mcthaiiol/water mixture with a 
preferably more constant concentration is tension force-driven. In addition, it is 
conceivable to also vary tlie methanol concentration during the operation of the fuel cell 
system. 

On the anode side, with the help of a gas separator 16, carbon dioxide enriched with 
methanol and water vapor is discharged from the liquid/gas mixturxi in the anode circuit 
line 5. An excessively high methanol discharge over the carbon dioxide gas is to be 
prevented, since otherwise the overall efficiency of the system is reduced and, at tlic same 
time, noncombustcd methanol is not discharged into the enviromnent. In the drawing, the 
represented gas separator is a simpler version of the more complex device used. 

Further, a device is used for the detenimiation of the intended temperature Tactual- For 
tliis, common temperature sensors can be used. Advantageously, the sensor 1 1 is used as 
a combined concentration and temperature sensor. Thus, additional components are not 
necessary. It is, however, obvious that a separate tempcrattire sensor can be used. 
According to an application example, the sensor 1 1 is arranged in the anode circuit line 5 
between the gas separator J 6 and the pump 10. It is however also possible to arrange the 
sensor 1 1 in anotfier part in the anode circuit line 5 or also to arrange it directly in the fuel 
cell 1. It is also possible to use a temperature sensor that measures ambient temperature. 
In this way, of course, a switching off in tlie system moreover containing heat is not of 
concern. 

According to the invention, the freeze protection of the system is possible, so that the 
concentration Cm^oh of the methano I/water mixture is adjusted with respect to the 
temperature T^ctuai in the anode circuit line 5 and/or with respect to the dominant ambient 
temperature. The temperature T^uiai falls a^ the concentration Cmcoh is increased in such 
a way, and thus the feezing point of the methanol/water mixture is lowered. Thus, the 
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freeze protection is made possible. With the cold-weather starting of the system, the 
higher methanol concentration Cmcoh allows a faster temperature rise of the fuel cell I, 
since metliajioi is diffused by the membrane 4 to the cathode 3 and is there oxidized 
immediately after the start of the air supply catalytically under heat Thus, the cold 
weather starting procedure is substantially accelerated. Preferably, the temperature 
monitoring and the associated concentration adaptation take place only upon stopping the 
system, because rn the operation of the fiiel cell 1, the temperatures are suflficiently higli. 
However, for other applications, the temperature can also be monitored during the 
operation. 

The sensor 1 1 continuously monitors the temperature Tactual and, if necessary, the 
concentration CmcOh of the cthanol/watcr mixture. In tlie controller 17, the measured 
temperature Tacmai is then compared with a given temperature threshold value Tihresiww. 
Upon stopping the temperature Tactual falls under the temperature tlireshold value Tu,rc,,h«ia, 
for example, under 0 C, with the methanol concentration Cmcoh in the anode circuit line 5 
increasing, as additional methanol is tension force-driven into the anode cu-cuit line 5. 
For this, the injection pump 15 and the fiicl injector 14 are triggered accordingly by the 
controller 17. The concentration increase can take place either via unique addition of a 
given methanol amount or by exercising control via a concentration monitoring, Iji the 
second case, it is possible for the methanol/watcr mixture to circulate in the anode circuit 
line 5, at least during the control procedure, with the help of the pump 10 so that the 
concentration is constantly balanced. Additionally, the concentration sensor 11 is 
preferably arranged near the fuel injector 1 4 in the anode circuit line 5, so that during the 
control with respect to the theoretical value Ciheo. of the methanol concentration is only 
then achieved if the concentration over the total anode ciiruit 5 is extended to the sensor 
11. 

In the case of control of the methanol concentration CmcOH in the controller 17, the 
concentration theoretical value Ca,eo is given as a function of the current temperature 
Tactual and the actual metlianol concentration Cmcoh is adjusted using ordinary control or 
monitoring techniques by triggering of the injection pump 15 and the injection valve 14 
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(sic] to reach the theorelical concenlration value Qhco.. Control can take place, for 
example, using a chamcterisiic diagram applied in the controller 17, whereby the 
characteristic diagram shows injection amounts of methanol as a function of the 
measured temperature Tactual and the actual methanol concentration Cmc<3h in the anode 
circuit line 5. 

Alternatively also several temperature thresholds Tthreshoid.i can be given, whereby then, if 
at a decreasing temperature Tactual, one falls below the next lower temperature tlireshold 
Tthrcbhuw <^ach case a furliier given nietlianol amount is used or a higher methanol 
concentration CmcOh is adjusted. Thus, the system is not always changed over 
immediately to maximum freeze protection, but the freeze protection is adapted to the 
actual temperature. Thus, the additional required methanol amount can despite sufficient 
freeze protection, be reduced and thus the overall efficiency can be improved. 

Besides, the fuel cell 1 can be protected in this way if supplemental dangerous 
components arc used in the system containing methanol used at a concentration as a 
function of the momentary temperature, sufficient for the freeze protection. 

Patent Claims 

1 . Fuel cell system (1 ) with an anode chamber (2) and a cathode chamber (3), which by a 
are separated by each other by a proton-conducting membrane (4), with a cathode inlet 
(8) to supply oxygen-containing gas to cathode chamber (3) and with a cathode exit fuel 
line (9), anode circuit line (5) to regulate the circuit current activity of a liquid fuel 
medium/coolant mixture between the anode chamber outlet (6) and tlic anode chamber 
inlet (7), along with a device (1 1) for regulation of the fuel-medium concentration 
(Cmcoii) in anode ch-cuit line (5), a fuel-medium supply vessel (12), a line (13) for the 
supply of fuel medium from the fuel-medium supply vessel (12) in the anode circuit line 
(5), witti a (13) arranged with device (14) for the dosage of tlie flowing fuel medium as a 
function of the fuel medium concentration (Cmcoh), characterized by the fact that a device 
(1 1) is used for the determination of the temperature (Tactual) and that the device (14) is 
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controllable with respect to the dosage of tlic to-be-led fuel medium at decreasing 
temperatures (Tactual) iii relation to the increase in the fiiel-naedium concentraLioti (CMeOir) 
in the anode circuit line (5). 

2. Fuel cell system according to Claim 1 , characterized by the fact that a device (1 7) is 
used for comparing the detennined teroperature (Tacuiai) with a given temperature 
tlireshold value (Ta,TcsiK»i<i) and in which the device (14) is controllable with respect to the 
dosage of the to-be-led fuel medium when falling below the temperature threshold value . 
(Tihwshow) ill relation to the increase in the fuel-medium concentration (Cmcoh) iri the 
anode circuit line (5). 

3. Fuel cell system according to Claim 1 , cha^acte^^^ed by the fact that a sensor (11) is 
used for the detection of the ambient temperature (Tacumi) or the temperature (Tacmai) of 
the fuel medium/coolant mixture in the anode circuit line (5)* 

4. Fuel ceil system according to Claim 1, characten>.ed by the fact that a combined 
concentration and temperature sensor (11) is located in die anode circuit line (5). 

5. Fuel cell system according to Claim 3 or 4, characterized by the fact that the sensor 
(1 1) between the anode chamber outlet (6) and the metering unit (14) is arranged in the 
anode circuit line (5). 

6. Techniques for driving a fuel cell system with an anode chamber (2) and a cathode 
chamber (3) which arc separated from each other by a pn>ton-conducling membrane (4), 
whereby cathode chamber (3) with an oxygen-containing gas is acted upon, whereby a 
liquid fuel medium/coolant mixture is lead with the help of an anode circuit line (5) by 
the anode chamber (2), and whereby the fuel medium concentration (Cmcoi-i) during the 
operation of the fuel cell system (1) is held at a given concentration theoretical value 
(Cuico.) according to the ambient temperature (Tactual) and/or the temperature (T^^^iu^i) of the 
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fuel mcdUim/coolant mixture in the anode circuit line (5) and at decreasing temperatures 
for the monitoring of the performance of sufficient freeze protection with respect to the 
fuel-medium concentration (CMeoii) increase in the anode circuit line (5). 

7- Technique according to Claim 6, characterized by the fact that the theoretical 
concentration value (Cuwo.) is dependent on the determined temperature Tacwai- 

8. Technique according to Claim 6, characterized by the detennined temperature (Tactuui) 
constantly being compared with a given temperature threshold value (Tihr«.hoid), and 
which then, if the determined temperature (Taeuwi) falls below the temperature threshold 
value (Tuoiuai). the fuel-medium concentration (Cmccjh) in the anode circuit line (5) is 
increased. 

9. Technique according to Claim 8, characterised by the fact that several temperature 
thresholds (Tiht^howj) are given, whereby then, if at a decreasing temperature (Tacmai) the 
next lower temperature threshold (Tthi^shnidj+i) is fallen below, the fuel-medium 
concentration (CMeon) in the anode circuit line (5) is increased in each case, 

1 0. Technique according to Claim 8 Or 9, characterized by the fact that when falling 
below one given temperature threshold value (T^ucjiW, a given fuel-medium amount into 
the anode circuit line (5) is admitted or the given theoretical concentration value is 
increased. 

11. Technique according to Claim 6, characterized by the fact that the temperature 
monitoring is activated only with a switched-ofTfiiel cell system (1). 
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